Forty-four patients with unilateral tibial diaphyseal fractures were treated with intramedullary nails or Ender pins. Twenty patients were treated with an unreamed intramedullary nail with access via the patellar tendon with static locking. Twenty-four patients were treated with Ender pins introduced medially and laterally with respect to the tuberosity of the tibia. The main parameters analyzed were type of reduction, complications, union rate, deformities, joint mobility, pain, gait, effort capacity, presence of neurovascular disorders, and complaints related to the synthesis material. RESULTS: During 1 year of follow-up, the fractures of 90.0% of the patients with intramedullary nails and 95.7% of patients with Ender pins healed within an average of 21.5 weeks and 20.9 weeks, respectively. The significant findings were as follows: patients treated with Ender pins had less mobility of the subtalar joint; patients treated with intramedullary nails were more likely to have pain in the knee; both groups showed shortening of the tibia at the end of 1 year of treatment.
INTRODUCTION
The osteosynthesis of a tibial diaphyseal fracture with a locked intramedullary nail (LIN) is recommended by various authors due to the high union rates, low infection and deformity rates, and good functional results. [1] [2] [3] [4] [5] [6] [7] However, up to 79% of patients need complementary procedures for certain complications. 8 Pain in the knee is a frequent complication in 22% to 71% of the cases, [9] [10] [11] and breaking of the screws in unreamed locked nails occurs in up to 52% of cases with early weight bearing.
The case descriptions of both groups were analyzed according to the parameters age, sex, fracture side, trauma mechanism, occurrence of fibular fracture, associated lesions, and classifications according to AO group, 16 Tscherne, 17 and Gustilo. 18 There were no significant differences regarding these parameters. (Table 1) .
The following inclusion criteria were adopted: closed fracture with Tscherne type 0, 1, or 2; open fracture with Gustilo degree I or II; simple fracture or partial, multifragmented fracture of type A, B, or C2 of the AO Group classification; patient aged 16 to 70; unilateral tibial fracture having occurred within 4 weeks of surgery; tibial diaphyseal fracture with indication for surgical treatment (translational dislocation of the fracture larger than 50% of the diaphyseal diameter, shortening greater than 1 centimeter, unsatisfactory reduction with plaster device with varus and valgus angular deviations greater than 5 degrees, with antecurvation and recurvation deviations greater than 10 degrees and rotational deviations greater than 10 degrees).
Any factors not in the inclusion list were considered exclusion factors.
All patients participating in the study were informed about the study conditions, objectives, advantages and risks, and about the possible treatment options if participation was not chosen. All study patients or those legally responsible for them signed a consent agreement.
The patients included in the study were hospitalized and underwent collection of clinical and radiographic data for the purpose of classifying lesions to soft tissue according to the criteria of Tscherne and Gustilo, and of the fracture according to the AO group criteria.
The selection of the implant used for osteosynthesis of the tibial fracture was randomized according to the registration number that the patient received when hospitalized. When the number was even, fixation was executed with Ender pins, and when it was odd, with a locked intramedullary nail.
Patients with exposed fractures underwent cleaning of the wound with saline solution and surgical debridement, with collection of material for culture. Definitive setting of the fracture was performed during the same surgery in patients with exposed fractures that occurred less than 6 hours beforehand. If this was not the case, only debridement was performed, the patient was maintained with inguino-podalic cast, and bandages were changed daily until the fracture was fixed. Additional debridement sessions were performed in individual cases when necessary.
Closed fractures and unfixed open fractures were submitted to intramedullary nailing, preferably in the first week. Prophylactic antibiotic therapy was performed with 1 gram of intravenous cephazolin, begun upon starting anesthetic induction and repeated every 8 hours for 48 hours. Patients with exposed Gustilo type I fractures received the same antibiotic, this was started upon hospitalization and maintained for 14 days, while those with exposed Gustilo type II fractures received 500 mg of intravenous amikacin every 12 hours with 600 mg of intravenous clindamycin every 6 hours, also for 14 days. Access pathways for placing Ender pins were created in the proximal region of the leg on the tibial condyles. Two incisions of about 3 cm each, one medial and the other lateral to the tuberosity of the tibia, were used, exposing the tibial condyles, which were easily identified after subcutaneous opening. Two bone orifices, with an area of approximately 0.5 cm 2 , were perforated with a broach, one in each tibial condyle about 3 cm from the articular surface, so as to allow the introduction of an Ender pin in each orifice. Pins were introduced to fill the space of the medullar canal at its narrowest part, with a minimum of 2 pins used (1 lateral and 1 medial). The fractures were reduced preferably by indirect methods, and the pins were advanced inside the distal fragment and positioned about 2 cm above the talocrural joint, with diverging ends (Figure 1 ).
The access pathway created for osteosynthesis with a locked intramedullary nail was straight in the anterior knee, extending from the distal pole of the patella to the tibial tuberosity.
Patients in both groups were maintained on a short cast for 14 days. The operated limb was relieved of weight for the first 4 weeks after surgery and then allowed partial weight with crutches until union. Radiographs were taken monthly until union and at the end of 1 year. When a fracture did not evolve toward union for more than 3 consecutive months during ambulatory follow-up, the patient underwent another surgery; patients in the Ender group were treated with bone grafting, and those in the LIN group with dynamization of fixation with the removal of proximal or distal locks at the fracture point. The final evaluation (radiograph and functional) was made after 1 year of postoperative evolution in all cases.
The following parameters were studied: type of reduction performed, immediate postoperative deformities, complications, new operations performed, union, deformities after 1 year of treatment (final), joint mobility, pain, gait, effort capacity, presence of neurovascular disturbances, and complaints related to the synthesis material, with evaluation of results according to Johner and Wruhs. 16 The deformities studied were shortening, rotational, and angulation in the sagittal and frontal planes. The first two were measured clinically and the last in verification radiographs. Malunion was defined as varus or valgus deformity greater than 5 degrees, antecurvation or recurvation deformity grater than 10 degrees, rotational deformity greater than 10 degrees, and shortening greater than 1 centimeter. 16 A new surgery was defined as any surgical procedure performed after setting of the tibia that was deemed necessary due to some local complication or to contribute to the bone union process.
The union criterion adopted was the presence of at least 3 healed cortices seen in 2 radiographs (front and lateral), in addition to the absence of pain and mobility at the fracture point. 7 The degree of mobility of the knee joint, of the ankle, and of the talocalcaneal joint (subtalar) was observed during a physical exam performed at the end of 1 year of follow-up and was expressed as a percentage in comparison to the normal side.
The presence of pain was evaluated at the end of 1 year of follow-up, and was classified as absent; occasional when it was infrequent; unpredictable, and not requiring analgesics; moderate when it always occurred when the patient performed some action (such as climbing stairs) or required the use of analgesics; and severe when it occurred even at rest.
The quality of gait 1 year after surgery was identified as normal or altered. When altered, this parameter was separated into small limp when perceptible only during a detailed clinical exam of gait and large limp when easily noted when the patient entered the clinic.
The ability to use the leg with effort after 1 year of follow-up was considered normal or altered. When normal, the patient was able to climb stairs normally, and when altered this parameter was divided into limited when unable to climb stairs, very limited when unable to walk at least 100 meters, and impossible when unable to walk without assistance.
The evaluation of the results at the end of 1 year of follow-up was based on the criteria defined by Johner and Wruhs, 16 which include union rate; neurovascular disturbances; deformities; knee, ankle and subtalar joint mobility; and pain, gait, and effort capacity ( Table 2) . Four groups were defined as follows: excellent, good, fair, and poor, with the worst result among all criteria evaluated defining the group to which the patient belongs.
Descriptive statistics were used to describe the quantitative samples, with calculation of the mean, standard deviation, and the standard error of the mean. Qualitative sample data were described using a frequency and proportion distribution. The chi-squared test and Fisher's exact test were used to compare qualitative data parameters. The Mann Whitney U test and the Wilcoxon test were used to compare groups of quantitative data in the cases when data was related or not, respectively. In all cases, a significance level of 5% (± = 0.05) was adopted.
RESULTS
One patient in the Ender group was excluded from the evaluations performed after 1 year of follow-up because he required treatment for malunion by the Ilizarov method after 10 months of treatment.
Results are provided in Table 3 . The patients treated with Ender pins had a larger average angular deviation in the sagittal plane than those treated with a locked nail, but the difference was not significant (P = 0.21; Mann-Whitney test). Of the 9 patients with this type of deviation in the Ender group, 8 (88.9%) had a recurvation deviation. Ender pins have 2 curvatures, one proximal and the other distal, and are introduced through orifices made in the anterior tibia. This positioning, with the concavity of the pins facing front, favors a recurvation deformity (Figure 2 ). Therefore, we believe that premodeling of the pin, partially rectifying the distal curve, may reduce the incidence of this deformity.
All patients studied recovered total knee and partial ankle mobility, without significant differences between the two groups. There was, however, a significant loss of subtalar mobility (P = 0.04; Mann-Whitney test) in the patients treated with Ender pins. The number of patients with pain after 1 year of follow-up was similar in the Ender and LIN groups, but knee pain was more frequent in patients treated with LIN (P = 0.02; Fisher test). Discomfort due to synthesis material was present in 8 patients in the two groups (18.6%). According to the Johner and Wruhs evaluation criteria, excellent or good results were found in 14 cases (70,0%) of the LIN group and in 13 cases (56,5%) of the Ender group (P=0,53; Fisher test).
The complications observed are listed in Table 4 . and their incidence was not significantly different, but the larger number of infections in the LIN group was apparent: 2 superficial and 3 deep infections compared to only 1 superficial infection in the Ender group (P = 0.08; Fisher exact test). All the cases were resolved solely with the use of antibiotic therapy, except for 1 patient in the LIN group who required removal of the synthesis material. The 6 cases resulted in an overall infection rate of 13.6%, above the average rate found in the literature, which varies from 0% to 7%. 2, 3, 5, 6, 12, 14, 19, 30, 33, 34 . The overall incidence of malunion was 15,9%. Two cases (10.0%) treated with locked nails evolved with breaking of the locking screws, but there was no breaking of pins in either the Ender group or the LIN group. Reflex sympathetic dystrophy was observed in 3 patients (6,8%) and neurological lesions in 2 (4,6%).
Three fractures in the study did not undergo union. One patient treated with Ender pins refused surgical treatment with bone grafts, and 2 patients in the LIN group had their fractures dynamized because union had not occurred by the end of 1 year. The general rate of pseudarthrosis was 6.8%, with an average union time of 20.87 weeks in the Ender group and 21.50 weeks in the LIN group, similar to some reports in the literature. The immediate postoperative deformities were compared with those observed after 1 year of follow-up (Table 5) . Analyzing the parameters of the deformities present immediately after surgery and after 1 year of follow-up, we observed that both Ender pins (P = 0.02; Wilcoxon test) and the locked intramedullary nail (P = 0.04; Wilcoxon test) did not impede increased shortening. This fact is understandable in patients treated with Ender pins because the method does not provide axial stability in fractures with comminution, but was not expected in the group treated with LIN where the static lock prevents the collapse of the fracture, at least in theory. Shortening in 5 patients was due to fractures being dynamized due to breakage or surgery (Figure 3 ).
DISCUSSION
In both groups, there was a larger number of young patients (average age 32.75 years), males (90.9%), and traffic accident victims (84.1%). These findings are in accordance with the majority of studies related to tibial diaphyseal fractures 1, 4, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] and show the effect of a high level of Only fractures of types A, B, and C2 of the AO group in which both types of fixation-locked intramedullary nail and Ender pins-are considered efficient, were included in this study. 1, 5, 13, 21, [29] [30] [31] [32] We chose to include segmental tibial diaphyseal fractures (C2) based on the work of Merianos et al, 30 who obtained union in all 22 cases treated with Ender pins, with an average union time of only 16 weeks. In the only study found in the literature that compares the locked intramedullary nail with Ender pins in the treatment of tibial diaphyseal fractures, 13 the authors reported a longer union time in the group treated with Ender pins in Winquist type III and IV fractures, which have great instability. This finding contributed to the decision to study only less unstable fractures.
In the two groups, 7 patients (15.9%) had malunion, a larger rate than that found in the literature, 20, 29, [34] [35] [36] where the average was 5%. It is important to clarify that of these 7 patients, 6 presented inadequate reduction, or in other words, left osteosynthesis surgery with deformities above acceptable limits, perhaps a result of technical difficulties in the reduction of these fractures. The other case of malunion occurred due to the breaking of the locking screws on the locked intramedullary nail, which led to significant shortening. A patient with a segmental fracture (type C2) treated with Ender pins presented malunion that required surgical correction via osteotomy and installation of the Ilizarov device after 10 months of treatment. This was the most serious complication that occurred during the study. Only 1 other case of segmental fracture was treated with Ender pins, and it resulted in union with good alignment. We were not able to reproduce the good results found by Merianos et al 30 and believe that the use of Ender pins in a segmental fracture should be an exceptional treatment.
Breakage of locking screws is a frequent complication, [25] [26] [27] 34, 35 with rates reaching 52% when unreamed locked nails are used. 12 No operations were performed to remove broken screws; the breakage acted as dynamization. One of the cases resulted in union of the fracture and the other continued without signs of union after 1 year of follow-up.
Three patients (6.8%) contracted reflex sympathetic dystrophy, 2 from the Ender group and 1 from the LIN group. Sarangi et al 37 reported a 30% rate of reflex sympathetic dystrophy in 60 patients with tibial fractures treated by 4 different methods: plaster device, plate, intramedullary nail, and external fixation device. The incidence rate did not differ for the methods used, and in most cases, the symptoms disappeared in less than 6 months. Our patients were treated with 25 mg/day of amitriptyline, with regression of symptoms after an average of 4 months of treatment.
Lesion of the fibular nerve is reported as frequent in some specific studies on complications in treatment of tibial diaphyseal fractures with locked intramedullary nails, 9,38 with an incidence rate reaching 30%. In most studies, however, the incidence of lesions varies from 0% to 5.3%. 1, 2, 21, 35, 39, 40 Only 2 (4.6%) of the patients in this study suffered neurological lesions, one from the Ender group, who had profound fibular nerve involvement, and the other from the LIN group, with a lesion on the ischial nerve (sciatica), both being diagnosed immediately after surgery. The latter case was probably provoked by excessive traction during treatment of the associated fracture of the femur on the same side.
Of the 5 patients in the LIN group whose fractures were dynamized, 3 via surgery and 2 due to breakage of the locking screws, only 3 (60%) resulted in union. We believe that other procedures, such as nail replacement or use of a bone graft, are more adequate for delayed union in patients treated with LIN.
A correlation was seen between subtalar mobility limitation and the presence of ankle pain in the patients with loss of subtalar mobility (P = 0.05; Fisher test), but it is unknown if the limitation of movement is the cause or the consequence of the pain. The few studies found in the reviewed literature regarding the mobility of these 3 joints 1, 2, 20, 35 show that approximately 90% of patients recover normal joint amplitude.
Knee pain is a common finding in the LIN method, with reported incidence rates varying from 20% to 70%. 2, [9] [10] [11] 27, 41 Despite its frequency, the exact cause of this pain is unknown, but it appears that it is not related to the residual protrusion of the nail in the knee, 41 nor to the access path used, whether through the patellar tendon or medially. 11 Removal of the nail improves or eliminates the pain in most cases. 10, 41 In our cases in which a locked nail was used, 35.0% had knee pain after 1 year, but none had removal surgery ( Figure 4) .
Migration of Ender pins when used in treating tibia fractures is a frequent occurrence, with a rate of up to 47.5%. 14 When a locked nail is used, discomfort is usually caused by the locking screws, with rates of about 13.6%. 1 None of the cases in our study required surgery to remove the implants for these reasons.
The evaluation criteria used were those of Johner and Wruhs 16 because they included both clinical aspects, such as pain, ability to walk and to perform heavy activities, neurovascular disturbances, and joint mobility, and radiographic aspects, such as union and existence of osteites and deformities. In most of the literature reviewed, few authors used well-defined criteria for radiographic and functional evaluation. 3, 5, 27, 32, 33, 39 With the exception of Gregory and Sanders, 5 who used the criteria described by Johner and Wruhs, 16 they all created their own evaluation systems, which, however, included several parameters also used by these authors.
Despite the fact that 70.0% of results for the LIN group were good or excellent compared to 56.5% in the Ender group, there was no significant difference between the two groups. We believe that the low number of good and excellent results found was due to the rigidity of the criteria defined by Johner and Wruhs, 16 in which any limp, even insignificant and even when all other parameters are normal, results in a classification of fair. The fact that the final evaluation was performed only 1 year after surgery, when 58.1% of patients still suffer pain, also contributed to this finding. Patients classified as fair or poor, theoretically, could improve in terms of pain and gait with continued treatment, resulting in an improved evaluation. 
CONCLUSIONS
We conclude that in the management of tibial diaphyseal fractures of type A, B, and C2 (AO classification), both closed (Tscherne type 0, 1, and 2) and open (Gustilo degree I and II), treatment with the locked intramedullary nail provides clinical-surgical results similar to treatment with Ender pins, and that neither method prevents significant shortening of the tibia during the course of treatment.
RESUMO
Sakaki MH, Crocci AT, Zumiotti AV. Estudo comparativo entre a haste intramedular bloqueada e os pinos de Ender no tratamento das fraturas diafisárias da tíbia. CLINICS. 2007;62(4):455-64.
OBJETIVO:
Comparar a haste intramedular bloqueada não-fresada com os pinos de Ender no tratamento das fraturas da diáfise da tíbia tipos A, B ou C2 da classificação AO, fechadas ou expostas graus I ou II de Gustilo. MATERIAIS E MÉTODOS: 44 pacientes com fratura unilateral da diáfise da tíbia, tratados com HIB ou com pinos de Ender. Vinte pacientes foram tratados com uma haste intramedular bloqueada não fresada por acesso através do tendão patelar e com bloqueio estático; vinte e quatro pacientes com pinos de Ender introduzidos medial e lateralmente à tuberosidade da tíbia. Principais parâmetros analisados: tipo de redução, complicações, consolidação, deformidades, mobilidade articular, dor, marcha, capacidade para esforços, distúrbios neuro-vasculares e desconforto pelo material de síntese. RESULTADOS: No seguimento de um ano, 90,0% das hastes intramedulares e 95,7% dos pinos Ender dos pacientes apresentaram consolidação da fratura com tempo médio de 21,5 e 20,9 semanas, respectivamente. Os achados significantes foram: mobilidade da articulação subtalar menor nos pacientes tratados com pinos de Ender; dor no joelho mais freqüente nos pacientes tratados com HIB; encurtamento da tíbia nos dois grupos ao final de um ano de tratamento. CONCLUSÕES: Os dois métodos são semelhantes no tratamento das fraturas da diáfise da tíbia tipos A, B e C2.
UNITERMOS: Fixação intramedular de fraturas. Fratura da tíbia/cirurgia. Pinos ortopédicos. Dispositivos de fixação ortopédica. Seguimentos.
